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aposi’s sarcoma and non-
Hodgkin’s lymphoma are con-
sidered acquired immunode-
iency syndrome (AIDS)-defining
nesses. Although invasive cervical
rcinoma is less clearly related to the
man immunodeficiency virus (HIV)
dfor AIDS, it is also accepted as

IDS-defining.[1] In addition, persons

th HIV/AIDS have been found to be
gt increased risk for several other
¢ancers—most prominently, Hodgkin’s

sease and anal cancers.[2] Other sites,

pecially conjunctival tumors and tes-

ular cancer, have also been reported
in some registry studies and case re-
ports, although the small increases in
the relative risk observed make it diffi-
sult to convincingly associate these
cancers with AIDS.

The pathogenesis of AIDS-related
cancers (ie, Kaposi’s sarcoma and non-
Hodgkin’s lymphoma) is generally con-
sidered to be directly related to
immunosuppression rather than HIV
infection.[3] The logic behind this sup-
position is compelling. The malignant
cells themselves are not infected with
HIV. Moreover, persons with HIV are
not at exceptional risk for these can-
cers (at least at a detectable level) un-
less they are also immunosuppressed.
In addition, persons who are immuno-
suppressed for reasons other than HIV
infection (eg, iatrogenic or genetic

uses) are at risk for these same types
of cancer. Some investigators suggest
that Tat, a protein expressed by HIV,
may be linked to the increased inci-
dence of Kaposi’s sarcoma,[4] but even

this proves correct, this incidence is

AIDS-Related Cancers in
the Era of Highly Active
Antiretroviral Therapy

ABSTRACT

Highly active antiretroviral therapy (HAART) has shown great efficacy
in reducing human immunodeficiency virus levels, increasing immunity,
and prolonging the survival of persons with acquired immunodeficiency
syndrome (AIDS). The risk of life-threatening infections has been greatly
reduced. However, the impact of HAART on the incidence of malignancy
has been less clear. Published studies generally show that the risk of
developing Kaposi’s sarcoma declined by about two-thirds between 1994
and 1995 and from 1996 onward (considered the HAART era). Even before
1994, the risk for Kaposi’s sarcoma in persons with AIDS had declined
considerably and this cancer has now become relatively uncommon. The
mechanism by which this decline in incidence was achieved appears to
involve improved immunity. Data on the reduction in the risk for non-
Hodgkin’s lymphoma are mixed. Several studies conducted between 1997
and 1999 found no reduction in the risk for non-Hodgkin’s lymphoma,
although the most recent data (from 1997 to 1999) show a 42% decrease in
risk. Even with a one-third reduction, the risk for non-Hodgkin’s lymphoma
remains considerably elevated. This high risk may be related to the fact that
HAART therapy does not restore the immune system to normalcy. The
increased lymphocyte turnover, with its accompanying risk of genetic
errors, may increase the risk of developing non-Hodgkin’s lymphoma. Most
reports have insufficient data to analyze the impact of HAART therapy on
incidence of central nervous system lymphomas, but recent data (from 1997
to 1999) showed a significant reduction in that risk. The mechanism by
which this might occur is unclear because the central nervous system is an
immunologic sanctuary. The relatively low incidence of other cancers in
persons with AIDS makes it difficult to gauge the effect of HAART on their
incidence, but to date, no significant trends have been reported for specific
tumor types or for the overall risk of non-AIDS-related cancers.

greatly increased only among those in
whom there is concomitant immuno-
suppression.

If immunosuppression underlies the

occurrence of these malignancies, then
ameliorating the immunodeficiency
should markedly reduce the risk of de-
veloping cancer. The advent of highly
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fending the host against environmental
| pathogens. Moreover, these results have .

Figure 1: Aduit/Adolescent Spectrum of HIV Diseases—The proportion of
human immunodeficiency virus (HIV)-infected adults and adolescents with CD4
counts < 500 cells/uL who had antiretroviral therapies prescribed from 1992 to
1997. Zidovudine was introduced as monotherapy beginning in 1987, and dual
therapies were introduced in 1990. There are no consistent data about the use of
antiretroviral therapy in the general population of persons with acquired immuno-
deficiency syndrome between 1987 and 1991. Data from the Centers for Disease

Control and Prevention.[11]

active antiretroviral therapy (HAART)
for persons with AIDS presents the op-
portunity for examining this hypothe-
sis. Strong evidence exists that HAART
results in impressive reductions in HIV
replication and is usually associated
with improvements in the CD4 lym-
phocyte counts of persons with immu-
nosuppression.[5] As expected, these
improvements in immunity have great-
ly reduced the incidence of AIDS-
associated opportunistic infectious
diseases.[6] In this review, we will ex-
amine the evidence that they have also
decreased the incidence of cancer in
persons with AIDS.

Antiretroviral Therapies

The extent to which antiretroviral
therapies might influence HIV-related
immunosuppression depends on their
efficacy in improving immunity and
how widely such therapies are used in
persons with HIV/AIDS. In 1987,
monotherapy with zidovudine (azi-
dothymidine or AZT [Retrovir]) was
shown to be effective in improving
prognosis.[7] The clinical response was
justifiably attributed to improvements
in immunity as measured by increas-
ing CD4 cell counts, although it is also
possible that lowering HIV levels fur-
ther improved immunity by affecting
functional immunity in still-viable lym-
phocytes.[8]
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In practice, clinicians soon observed
that the improvement in immunity
following zidovudine therapy was tran-
sitory. Within 6 to 12 months, therapy-
resistant HIV variants emerged, high
viral levels returned, and the deteriora-
tion of immunity resumed. Later stud-
ies confirmed that the long-term benefit
was minimal,[9] and the need for com-
bination antiretroviral regimens became
obvious.

During the 1990s, many new anti-
retroviral agents were licensed, and oth-
ers continue to be developed. The
introduction of effective protease in-
hibitors in the mid-1990s has been es-
pecially important. Clinica trials have
demonstrated that these drugs, used in
combination, are highly effective in
blocking HIV replication for prolonged
periods.[10] In many persons, viral lev-
els fall below the level at which they
can be detected even with sensitive
tests.

Highly Active
Antiretroviral Therapy

Dual drug therapies also came into
wide use in the early 1990s, and since
1996, triple-drug regimens that in-
clude protease inhibitors have been
recommended for persons with clini-
cally significant HIV-related immuno-
suppression. Figure 1, based on data
reported by the Centers for Disease
Control and Prevention (CDC),[11]} il-
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lustrates the proportion of persons with
HIV/AIDS who were taking these drugs
in the United States between 1992 and

1997. :
Highly active antiretroviral therapy ;
with protease inhibitor drugs blocks :
HIV replication, resulting in meaning- |
ful improvements in the clinical status ;
and prognosis of many persons infect- ;
ed with HIV. This strategy demon-
strates that good HIV control and an’
increase in the CD4 count are associat- ;
ed with enhanced improvement in de- !

revolutionized the care and prognosis .
of HIV patients, leading to the reason- -
able expectation that persons with HIV
infection can survive for many years, .
even after an AIDS diagnosis.

Despite these encouraging develop-
ments, there are several serious cave- -
ats concerning the impact of HAART:
therapy on cancer risk trends. Fore-
most is the fact that many HIV-infected
persons are not receiving HAART.[11]
Some people are not aware that they '
are HIV-infected until they develop an
AIDS-defining illness (which may be
cancer). For others, such as those with
dementia or drug addiction problems,
the complex regimens are beyond their -
ability to support or maintain. Still oth-
ers cannot tolerate the side effects of
the drug combinations. Finally, even
among those who take full HAART
regimens, breakthrough HIV infections
from resistant strains can occur.

It is reasonable to hope that newly
developed antiretroviral drugs will
lead to easier administration, lower
toxicities, and control of HIV viremia.
In the interim, however, there contin-
ues to be a population of HIV-infect-
ed, immunosuppressed persons who
are not receiving effective anti-HIV
therapy.

Immune Response Does
Not Normalize

Even among those who respond well
to HAART, the immune responses of
severely immunocompromised subjects
typically do not return to normal. Rath-
er, in seriously immunocompromised
subjects, CD4 counts increase from.
dangerously low levels of less than
50 cells/uL to perhaps 200 to 300 cells/
uL.[12] At this level, immunity is not.
normal (normal CD4 levels are above.
500 cells/uL), but the risk of develop-



« ‘- major life-threatening disease is
i less.

One unexpected consequence of
AART’s success is the increasingly
gnized phenomenon of immune re-
stitution disease, in which symp-
ns appear in direct relation to the
provement in immunity.[13,14] In
e syndromes, the host recognizes
reacts to low-grade infections that
/¢ not apparent earlier, such as may
qur with Mycobacterium avium-in-
»[lulare and hepatitis C virus. This
:tion can be so severe as to be fatal.
is, the immunity that is measured
marginally deficient by convention-
D4 counts can have highly reac-
clones that are proliferating
stly because of stimulation from
uldering infections. These activated
sics may affect the risk of develop-
» cancer, especially the lymphomas,
ways that obscure a relationship to

The proportion of AIDS patients pre-
iting with Kaposi’s sarcoma has de-
ned over time. There are several
planations for this change. Public
alth data often record only the first
DS-defining illness. Early in the
DS epidemic, most AIDS cases were
ntified on the basis of a diagnosis of
posi’s sarcoma or Preumocystis
inii pneumonia. However, as the

ociated diseases increased, the defi-
ion of AIDS expanded to include
er conditions.

In the most recent definition of an
DS case, formulated in 1993, the
C changed the definition to include
V-infected persons who have no
ert illness but are immunosuppressed
D4 < 200 celis/uL or < 14%) to the
sint of being at risk for an AIDS-
efining illnesses.[1] This expansion
ot the diagnosis has allowed recogni-
1on of other conditions as being AIDS-
clated before the appearance of
Kaposi’s sarcoma.

Even in data sets that include both
siset and a later diagnosis of Kaposi’s
coma, however, the incidence of the
isease has declined. Some of this de-
line can be attributed to changes in
L population of HIV-infected persons
) the United States. Among persons
ith AIDS, the incidence of Kaposi’s

sarcoma varies considerably by group.
Initially, the majority of AIDS cases
occurred in homosexual men, a group
with an 8- to 10-fold higher risk for
Kaposi’s sarcoma than other groups.[3]
Moreover, most cases were in white
men, a group that has at least twice the
risk for Kaposi’s sarcoma compared to
black men, even after controlling for
HIV-exposure groups. However, the
population of AIDS patients who are
white homosexual men has declined as
a proportion of all AIDS cases, where-
as the percentage who are black men,
both homosexual and otherwise, has
increased, thus progressively enrich-
ing the mix of newly diagnosed AIDS
cases with persons at lower risk for
Kaposi’s sarcoma. The impact of
HAART on risk for Kaposi’s sarcoma
needs to be assessed carefully against
this backdrop.

Kaposi’s Sarcoma and HAA

Almost all reports have noted de-
clines in the incidence of Kaposi’s sar-
coma between the early 1990s and the
post-1996 era (Table 1).[15-21] In sum-
mary, between 1994 and 1995 and from
1996 onward (the HAART era), the
incidence of Kaposi’s sarcoma declined
by about two-thirds, to the point that it
is now an uncommon diagnosis in peo-
ple with AIDS.

However, a temporal approach does
not prove a relationship to HAART
because the decline in Kaposi’s sarco-
ma incidence long preceded the intro-
duction of this therapy. In part, the
change in the definition of AIDS and
shifts in the population that became
infected with HIV contributed to that
decline, as discussed above. Addition-
ally, the early, less effective, antiretro-
viral regimens may have reduced the
incidence of Kaposi’s sarcoma, al-
though statistical evidence supporting
this association is inconclusive.[15]

More speculatively, we now under-
stand that Kaposi’s sarcoma requires
infection with a newly described herp-
esvirus, HHV-8,[22] which is common
among homosexual men.[23] This vi-
rus appears to have been co-epidemic
with sexually transmitted HIV.[24,25]
Possibly, burnout of the HHV-8 epi-
demic, along with exhaustion of the
population susceptible to Kaposi’s sar-
coma, could have contributed. Persons
who acquire HHV-8 while HIV-infect-

ed (and presumably immunosup-
pressed) have a 2.5-fold increased risk
of developing Kaposi’s sarcoma over
that of persons who were already in-
fected with HHV-8 when they became
infected with HIV.[26]

Impact on Immunity

Nevertheless, there is compelling
extrinsic and intrinsic evidence that
improved immunity is probably the
major factor influencing the reduction
in the incidence of Kaposi’s sarcoma.
Extrinsically, case reports describe im-
provement or even resolution of preex-
isting Kaposi’s sarcoma in persons who
began receiving HAART.[27-31] Some
reports suggest that this clinical effect
is particularly potent in combination
antiretroviral drug regimens contain-
ing protease inhibitors.(30,31]

Given its impact on existing Kapo-
si’s sarcoma tumors, treatment with
HAART would be expected to prevent
incipient tumors. Intrinsically, in sev-
eral published reports, the “break-
through” cases of Kaposi’s sarcoma
that occurred in the HAART era were
observed only among men who did not
receive potent antiretroviral thera-
py.[15,20]

Also supporting a direct role for
HAART (through its impact on immu-
nity) is a report that examined the risk
of illnesses in HIV-infected persons
started on HAART. Investigators from
the Swiss HIV Cohort Study examined
the risk for Kaposi’s sarcoma and oth-
er diseases.[32] Case numbers are
somewhat marginal for strong conclu-
sions, but their results showed a signif-
icant difference in the incidence of
Kaposi’s sarcoma between the 6 months
just before HAART and the 6 months
immediately after HAART.

This decline in incidence implied
that HAART had an almost immediate
impact. Overall, the risk declined by
66% during the 15 months after
HAART was initiated (P = .001, com-
pared to the pre-HAART period).
While such data are subject to analysis
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blems that complicate their inter-
jon,[33] they nevertheless dem-
avate a decreased risk for Kaposi’s
ma specifically related to HAART
study in which each subject served
his or her own control.

pplemental Study
As a:supplemental study for this
ort; 1 examined cancer risk in

D)S-Cancer Match Registry Study.[34]
we:than 21,000 cases of Kaposi’s
ma were reported in AIDS pa-
ats, the majority of which were
)S-defining illnesses. Cancer inci-
¢ in persons with AIDS cannot be

AIDS onset, because the number
bjects at risk is unknown. How-
persons with AIDS-defining con-
1s other than Kaposi’s sarcoma
e used to define a true cohort, in
heh incidence can be determined.

AIDS.

sis was further restricted to white
sn so as to minimize the impact of
te and sex, and age was adjusted to

s distribution of the men develop-
¢ AIDS. The time span permitted a
»arison of incidence determina-
1s for the pretherapy periods (1980—
83 and 1983-1986), the era of

ncer risk in the true triple-therapy
AART era is therefore incomplete.
cept for the earliest period, the num-
r'of: Kaposi’s sarcoma cases in each
riod was impressive (total: 5,312 in

sual men).

After the introduction of zidovu-
1¢ in 1987, the incidence of Kaposi’s
vma declined steadily until the last
tagroup in 1994-1996 (Figure 2).
113 decline might have been affected
hanges in therapy, becausé antiret-
viral strategies continued to improve
¢ach period after 1986 and also be-
e more widely distributed.

At should be noted that when the last
ilable data for this analysis were

3,365 persons with AIDS in the -

¢ Jimit loss to follow-up bias, the |
ysis was confined to the 2-year |
j0d: (4 to 27 months) after the onset |

data presented in Figure 2, the

mmodate temporal changes in the {

onotherapies (1987-1989), and the | (
ne when dual therapies were avail- | ©
le (1990-1993 and 1994-1996). |

nicer data were available for only a |
- of the registries through 1996, and |

mosexual men and 563 in hetero- |

Figure 2: Incidence of Kaposi’s Sarcoma and Non-Hodgkin’s Lymphoma—
Changes in the incidence of Kaposi’s sarcoma (KS) and non-Hodgkin’s lymphoma
(NHL) among white men 4 to 27 months after the onset of acquired immunodefi-
ciency syndrome (AIDS), by homosexual vs heterosexual status. Subjects were
excluded if they had previously had a cancer of this type. The number of persons
with Kaposi's sarcoma and non-Hodgkin’s fymphoma are listed beneath each range
of years. To accommodate temporal changes in the age distribution of men
developing AIDS, data have been age-adjusted to the world standard population.
Data from Frisch et al.[34]
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generated (1994-1996), relatively few
men would have received protease-con-
taining antiretroviral therapy. Howev-
er, the proportion of men who received
optimal HIV-suppressive therapies
would likely have been higher among
white homosexuals (the group at high-
est risk for Kaposi’s sarcoma) than in
the general population of white hetero-
sexuals.

Thus, the evidence strongly suggests
that HAART has further reduced the
incidence of Kaposi’s sarcoma. That
incidence declined by about two-thirds
from 1994-1995 to 1996 and later,
when HAART became widely avail-
able. This decline occurred when the
incidence of Kaposi’s sarcoma in per-
sons with AIDS had already decreased
from earlier years. Kaposi’s sarcoma
is now uncommon among persons with
AIDS who are receiving effective anti-
retroviral therapy.

- in’

and HAART

The etiology of non-Hodgkin’s lym-
phoma is poorly defined. However,
there is no doubt that non-Hodgkin’s
lymphomas occur at high rates (200-
to 300-fold excess) among persons with
AIDS.[3] Several observations illus-
trate that this high incidence is related
to dysregulation of the immune sys-
tem: First, since they are B cells, the
lymphoma cells are not infected with
HIV. Second, increases in incidence
are only measurable in persons with
immunosuppression. Third, as with
Kaposi’s sarcoma, non-Hodgkin’s lym-
phomas are associated with immune
disorders in persons not infected with
HIV.

However, the critical component
may not be immunosuppression. I have
argued that the high incidence of AIDS
(and other immunosuppressive condi-
tions) could be related to nonlethal
genetic errors accumulating in prolif-
erating lymphoid cells, as components
respond to the many challenges gener-
ated by HIV-related damage,[3] a point
also made elsewhere.[18] Over time, a
particular cell will acquire a sufficient
constellation of errors to escape nor-
mal regulation—either partially or ir-
reversibly. Thus, persons with HIV who
have lymphoid cells actively replicat-
ing in response to antigens will contin-
ue to be at higher risk for lymphoma,

ma
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even if they are receiving HAART,
unless their immunity is fully restored.

Impact on Incidence

The impact of HAART on the inci-
dence of non-Hodgkin’s lymphoma has
varied in different studies (Table 1). In
most studies, data on the specific sub-
jects who received HAART therapy
are lacking, but it is assumed that sub-
jects in need had access to HAART
from 1996 onward. In CDC data from
the Adult/Adolescent Spectrum of
AIDS Diseases, participants who were
taking combination antiretroviral ther-
apies during each semester of the study
were identified. In that study, the inci-
dence of non-Hodgkin’s lymphoma
declined from 1994-1995 to 1996—
1997, but the decline was similar
among those who received therapy and
those who did not.[15]

Similarly, in the Multicenter AIDS
Cohort Study of homosexual men (a
group with exceptional access to med-
ical care), the incidence of non-
Hodgkin’s lymphoma appeared to be
stable in a comparison of data from
1994-1995 and 1996-1997.[20] In San
Francisco, after adjustment for HIV
seroconversion dates, the risk for non-
Hodgkin’s lymphoma increased, al-
though not significantly, through
1996.[17] In line with these findings,
investigators from the Swiss HIV Co-
hort Study also found that the inci-
dence of non-Hodgkin’s lymphoma was
reduced by only 5% from pre- to post-
therapy onset (P = .31).[32]

In contrast, some data do support a
modest decline in non-Hodgkin’s lym-
phoma during the HAART era. These
studies were generally smaller or less
well defined than those that did not
observe a significant decline. At Mon-
tefiore Medical Center in New York
City, the number of non-Hodgkin’s
lymphoma cases in persons with AIDS
decreased by 63% between 1995 and
1997, when HAART became available.
This decrease was greater than that
seen for Kaposi’s sarcoma (36%) dur-
ing the same period and occurred at a
time when outpatient HIV/AIDS visits
to this hospital increased.[16]

Among participants in amalgamat-
ed AIDS clinical trials, the incidence
of non-Hodgkin’s lymphoma declined
by 33%.[19] In Australia, where ac-
cess to AIDS medications is govern-
ment supported, national AIDS data
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show a significant decline (36%) in the
number of non-Hodgkin’s lymphoma:
cases reported between 1994 and 1997,
but the decline was less than that seen:
in other AIDS-related diseases.[18]

Meta-analysis of Numerous
Prospective Cohorts '

To obtain a more powerful analy- :
sis, investigators from Oxford Univer- i
sity recently undertook a meta-analysis
of data from 23 large prospective co-
horts in North America, Europe, and
Australia.[21] This large database, with |
136,000 person-years of observation:
time, included several of the studies’
described above. They reported a sig-
nificant decline (42%) in the incidence:
of non-Hodgkin’s lymphoma, which
might be related to HAART. In sup-
port of this possibility, there were con-
sistent declines in different areas of
the world and in different exposure
groups. Importantly, compared with:
earlier reports, their updated database’;
included incidence results from 1997
to 1999, which is later in the HAART::
era than data from other studies. :

The 42% decline in non-Hodgkin’s
lymphoma that these investigators ob-
served in the period from 1992 to 1996
was highly significant. Specifically by
histology, a decline ih incidence was:
observed for immunoblastic lympho-:
mas but not Burkitt’s lymphoma, al-:
though the investigators acknowledged
that their cohorts had relatively few:
cases of Burkitt’s lymphoma. Thus, the
declining risk for non-Hodgkin’s lym-
phoma may represent a finding that is:
emerging in recent data.

The AIDS-Cancer Match
Registry Study

We also examined the incidence
trends for non-Hodgkin’s lymphoma:
in the AIDS-Cancer Match Registry
Study.[34] The study principles and
limitations were similar to those out-
lined above for Kaposi’s sarcoma, fo-
cusing on cohorts followed in the 2-year
period after the onset of AIDS.

Unlike Kaposi’s sarcoma, which has
declined steadily since the early years
of the AIDS epidemic, the incidence
of non-Hodgkin’s lymphoma remained
fairly stable in both homosexual (2,030
cases) and heterosexual (563 cases)
white men throughout every period
through 1994-1996 (Figure 2). Rates
were about twofold higher in homo-



.} than in heterosexual white men,
bly reflecting the poorly under-
. §ocioeconomic differences that
isk for non-Hodgkin’s lympho-
side the AIDS setting.[3] How-
the incidence of non-Hodgkin’s
homa did not decline in either
y through 1994-1996 (Figure 2).
ke the clinical experience with
s sarcoma, HAART does not
i to have had a consistent impact
tifng non-Hodgkin’s lymphoma
rsons with AIDS. In meeting ab-
., there are a few case reports
ssting that there may be a regres-
of existing non-Hodgkin’s lym-
[35,36] but this effect has not
enerally observed. Therefore,
no extrinsic reason to suppose
ild have an impact on an incipi-
mphoma.

owever, improvements in immu-
might still affect precancerous
] expansions that are being driv-
er by HIV or by antigens from
ccondary infections enabled by a
enied immune system. Hence, a
‘tion in the rate of lymphocyte
sation could indirectly reduce the
hood of developing the genetic
s that lead to cancer. This, in turn,
d result in a lower risk of cancer.
:said, once non-Hodgkin’s lym-
1a has manifested, HAART ap-
1s to have little impact.

The fact that the immune system is
ully reconstituted in the majority
HAART-treated persons with HIV/
DS may modify the impact of
\ART on the incidence of non-
dgkin’s lymphoma. The partially
ensated immune system can be-
ie highly activated by new or resid-
infections, as happens overtly in
e immune reconstitution syndromes
mtioned above.[13,14] How com-
inly activation occurs in a more co-
't manner, with a smoldering
iphocyte proliferation of stimulated
nes, is unknown. To the extent that
s occurs, the impetus for the devel-
nent of lymphoma will continue,
reby maintaining the increased in-
ence of non-Hodgkin’s lymphoma.

s$ all correspondence to:

ail: Biggarb@epndce.nei.nih.gov

Even with a one-third reduction in the
risk of non-Hodgkin’s lymphoma, the
incidence remains considerably
elevated.

Central Nervous System
Lymphomas

Lymphomas of the central nervous
system (CNS) comprise a special sub-
set of malignancies that may be affect-
ed by HAART therapy. The relative
risk for this disorder is exceptionally
high in both children[37] and adults[2]
with AIDS. One abstract report sug-
gests that existing CNS lymphoma
might respond to treatment with
HAART,[38] although: given the sup-
posed immunologic sanctuary of the
central nervous system, it is difficult to
postulate how this effect might occur.
Because of the relatively low incidence
of the disease, most studies do not have
a sufficient number of cases to analyze
trends. Nevertheless, it is the general
impression that the incidence is de-
clining, as in case data from New York
in which biopsy-proven CNS lympho-
ma decreased by 67% between 1995
and 1997.[16]

This impression is strongly support-
ed by recent findings in international
cohorts, in which primary brain lym-
phoma declined significantly (by 58%)
between 1992-1996 and 1997-
1999.[21] In addition, the CDC study,
with more than 26,000 person-years of
follow-up, found that among treated
subjects, the incidence of CNS non-
Hodgkin’s lymphoma declined from
6.22 to 1.8 (71%) per 1,000 person-
years between 1994—1995 and 1996—
1997.[15] However, among untreated
persons with HIV infectiort, CNS non-
Hodgkin’s lymphoma started at a low-
er incidence but also declined, from
4.6 to 3.6 (22%) per 1,000 person-
years in the same periods, which com-
plicates interpretation of the favorable
result among treated persons.

Assuming the declining incidence
of CNS non-Hodgkin’s lymphoma is
confirmed, it is unclear how this effect
is mediated. Over time, reporting prac-
tices may have affected data on CNS
lymphomas. These lymphomas are dif-
ficult to diagnose and require histopa-
thology to distinguish them from other
CNS infections that can mimic their
symptoms in persons with AIDS. Cen-
tral nervous system lymphomas are also
rapidly fatal, and as with other end-

stage AIDS conditions, biopsies may
not provide a full evaluation of pa-
tients with symptoms. Finally, when
the histology is recorded, the informa-
tion available in the cancer registry
data may not include the site of the
lymphoma. Given the uncertainty of
these data, interpreting trends in the
risk for CNS lymphoma is difficult.

Inconsistent Evidence

In summary, evidence supporting a
decline in non-Hodgkin’s lymphoma
risk is inconsistent. In studies that re-
port a declining incidence, the decrease
is usually more modest than the de-
clines seen for Kaposi’s sarcoma. In
the most recent data from the meta-
analysis, a 42% reduction in risk was
observed,[21] but even with this de-
cline in risk, the incidénce still remains
much higher than that in the general
population not infected with HIV. Re-
ports of declining rates of CNS lym-
phoma in recently collected data need
to be evaluated further.

As the survival of persons with AIDS
is prolonged by treatment with
HAART, the contribution of non-
Hodgkin’s lymphoma from AIDS to
the overall burden of the disease will
be maintained or even increased. Cer-
tainly, as the risk for Kaposi’s sarcoma
declines, non-Hodgkin’s lymphoma
will increasingly dominate the cancer
profile in persons with AIDS.

Other Cancers

The incidence of other cancers in
persons with AIDS is too low to dem-
onstrate that changes might be related
to HAART. Even without HAART, it
has been difficult to ascertain that these
cancers occur significantly more often
in persons with AIDS. To be consid-
ered AIDS-related, the incidence of
cancer must be significantly increased
in persons with HIV/AIDS, and the
increasing incidence must align with a
significant trend of rising relative risks
as AIDS approaches and passes.[34]
The latter criterion is necessary to en-
sure that the increase is not simply due
to a lifestyle that is associated with
greater exposure to other known car-
cinogens.

Persons in several major HIV-expo-
sure groups, such as homosexual men
and intravenous drug users, are likely
to be risk-takers who smoke more
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heavily, have more sex partners (and,
therefore, have more exposure to hu-
man papillomavirus [HPV]), or use
shared needles (and, therefore, have a
higher incidence of hepatitis B or C).
To the extent that these factors occur
excessively in the same populations
that become infected with HIV, they
would also have excessive smoking-
and virus-related cancer risks that are
not related to HIV or immunosuppres-
sion.

Hodgkin’s Disease and
the Anogenital Cancers

Of these other cancers, Hodgkin’s
disease and the anogenital cancers
would be the most likely to occur more
often in persons with HIV/AIDS. The
etiology of Hodgkin’s disease is poorly
understood, and it is therefore difficult
to predict how the partial improve-
ments in immunity achieved with
HAART might affect its incidence.
Because of the low incidence, large
studies will be required.

In the meta-analysis of large HIV
cohorts, the risk for Hodgkin’s disease
was 23% lower in the HAART era, but
this decline was not statistically signif-
icant.[21] If the incidence of Hodgkin’s
disease were indeed lower with
HAART, this finding would be consis-
tent with a role for some unknown
infectious causality that is affected by
immunity. However, Hodgkin’s disease
may share the same unknown causality
profile of other non-Hodgkin’s lym-
phomas.

Human papillomavirus infection is
recognized as being etiologically im-
portant in causing squamous cell ano-
genital cancers.[22,39,40] In persons
with AIDS, increases in dysplasia re-
sult from poorly controlled HPV infec-
tions,[22,40] and improvements in
immunity will likely resuit in better
control of this virus and presumably a
lower incidence of anogenital cancers.
In the meta-analysis of multiple. co-
horts, the incidence of cervical cancer
increased (P = .07) between the 1992—
1996 and 1997-1999 periods,[21] but
this increase was based on small num-
bers and occurred at a time when inva-
sive cervical cancer had just been
accepted as being AIDS-defining.

As the survival of persons with AIDS
who have dysplasias related to HPV is
prolonged, the number of anogenital
cancers in persons with AIDS may also

rise.[40] AIDS-related immunosuppres-
sion could lead to loss of control of
hepatitis B and C viruses, both of which
are linked to the etiology of liver can-
cer.[41] However, it has not been es-
tablished that the risk of liver cancer
increases as a result of HIV infection
or immunosuppression.

Conclusions

The limited number of cancer
types—XKaposi’s sarcoma and non-
Hodgkin’s lymphoma, predominantly—
found to occur excessively in persons
with AIDS argues that immunity, at
least the type dysregulated by HIV in-
fection, plays no major role in control-
ling the occurrence of most common
cancers.[3] In the Oxford meta-analy-
sis, the rate of all non-AIDS-related
cancers was essentially unchanged (rate
ratio = 0.96) despite the improved ther-
apy available to AIDS patients by
1997-1999.[21] However, the decreas-
es in cancer incidence (even in Kaposi’s
sarcoma and non-Hodgkin’s lympho-
ma) seen with improved immunity
might not be related to an immunolog-
ically mediated effect on cancer cells.

In Kaposi’s sarcoma, immunologic
control of HHV-8 could reduce virus-
associated proliferation of spindle
cells. In non-Hodgkin’s lymphoma,
HAART-controlled HIV replication
prevents further deterioration of the
immune system and, with that, the
stimulus for lymphoid cell replication
declines. Thus, these changes could
occur because there is less stimulation
of cell replication mechanisms rather
than because of any direct effect on
cancer itself.

This article is reviewed
on page 448.
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Dr. Robert Biggar has probably

studied the impact of the ac-
quired immunodeficiency syndrome
(AIDS) epidemic on cancer trends at
least as thoroughly as anyone in the
field. His long-term experience is re-
flected in this comprehensive and well-
written overview, which summarizes
the evidence concerning highly active
antiretroviral therapy (HAART). In-
deed, patients are developing fewer op-
portunistic infections and living
significantly longer than they did be-
fore the advent of these potent anti—
human immunodeficiency virus (HIV)
drugs. However, the question remains

as to what extent this treatment might
also change the incidence of cancers?

Loss of Immunologic Control

In light of the connection between
HIV infection and loss of immunolog-
ic control, many researchers expected
the incidence of more cancers to be
increased in HIV-positive individuals
than 20 years’ experience with HIV
and AIDS has actually shown. Greatly
increased relative risk estimates have
been documented only for Kaposi’s
sarcoma and non-Hodgkin’s lympho-
ma, whereas other cancers with a po-
tential infectious etiology, such as
Hodgkin’s disease, anogenital cancers,
hepatomas, gastric cancer, and testicu-
lar cancer have shown much more mod-
erate risk associations.

Some of these surprising findings
are likely explained by the influence
of other factors present in groups at
high risk for HIV infection. Neverthe-
less, a long-held argument for the lack

of more cancers being convincingly
increased by the advent of HIV-
induced immunodeficiency is that
infected persons do not live long
enough for some of the more solid
cancers to manifest and become clini-
cally apparent.

HAART Therapy

With the introduction of HAART
and related therapies, this condition
for a longer life expectancy has been:
met. However, as Dr. Biggar point
out, cancer trends in recent years (ie, ;
the HAART era) are essentially un-
changed, and, if anything, show a sligh
decrease primarily as a result of a de
crease in the incidence of Kaposi’s sar
coma and perhaps also non-Hodgkin’s
lymphoma. There is no indication that
new cancers are becoming more fre-
quent. We are, however, still in the
early phase of a new era, and it is too
early to draw any conclusions about
what cancers might be part of the

448

ONCOLOGY » VOLUME 15 » NUMBER 4






